ABSTRACT A bovine fibronectin (FN) cDNA clone (pFBI) was isolated by screening a cDNA library of calf testis fibroblasts with a synthetic oligonucleotide probe. The probe was a mixture of eight 14-base-long oligonucleotides designed from the amino acid sequence Glu-Cys-Phe-Met-Pro present in the Mr 3,000 COOH-terminal fragment of bovine plasma FN [Petersen, T. E., Th0gersen, H. C., Skorstengaard, K., Vibe-Pedersen, K., Sahl, P., Sottrup-Jensen, L. & Magnusson, S. (1983) Proc NatL Acad Sci USA 80,[137][138][139][140][141]. pFBI contained a 1,000 base-pair (bp) insert comprising the complete 3' noncoding sequence (690 bp) and -300 bp of the coding region. The clone pFBI was used as a radioactive probe in the screening of a human cell line (Hs 578T) cDNA library. Eleven positive cDNA clones were detected, one of which, named pFHl, contained a 2,000-bp insert comprising the complete 3' noncoding region (693 bp) and =1,300 bp of the coding region of human FN. The sequences of the clone pFBl insert and of the homologous region in clone pFHl were determined. The nucleotide sequences are 90% homologous. Six amino acid changes were found, clustered in an area connecting two structural domains described in bovine plasma FN. Furthermore, the 204 COOH-terminal amino acid sequence of bovine FN was completed by overlapping two peptide fragments (Mrs 3,000 and 23,000). Clone pFHl was used in estimating the size of human fibronectin mRNA (7,900 bases) through blot hybridization analysis. Southern blot studies suggest that human FN is coded by a unique gene.
Fibronectin (FN) is an adhesive glycoprotein present in plasma and in extracellular matrices (1) (2) (3) . It is involved in various contact processes such as maintenance of normal cell morphology, opsonization (4) , adhesion of cultured cells onto substrata (1) , and wound healing (5) . Some cell lines stop production of FN after viral transformation by decreasing the amount of FN mRNA (6) .
Plasma FN is a dimer (7) and cellular FNs are dimers or multimers (8) of chains of Mr 220,000 (1, 7) . FN has affinities for collagen (9) , glycosaminoglycans (10), fibrin, cell surfaces, and itself (1, 11) . These affinities have been located in different functional domains at the FN molecule, and they show widespread interspecies homology between birds and mammals (reviewed in ref. 1) . After digestion of bovine FN with plasmin, four fragments of Mrs (after reduction) 29,000, 170,000, 23,000, and 3,000 are generated (12) . The Mr 29,000 and Mr 3,000 fragments have been identified, respectively, as the NH2-terminal and COOH-terminal portions of the molecule, and the sequence of approximately half of the 1,800 amino acids in one chain of bovine plasma FN has been determined in 10 nonoverlapping segments (13) .
The amino acid sequence of the cell attachment domain of human plasma FN also has been reported (14) . It seems extremely difficult to complete the human FN primary structure by peptide sequence analysis alone. The sequence determination of FN cDNA clones will provide an easier alternative and will also facilitate the study of the FN gene that, at least in chicken, spans 48 kilobases (kb) of the genome and is split in more than 48 exons (15 Radioactive Labeling of Cells and Detection of FN. One day after reaching confluence, cell cultures were labeled for 4 hr with [3S]methionine (20 ,Ci per 1-cm well; 1 Ci = 3.7 X 1010 Bq), washed with phosphate-buffered saline, and homogenized in 0.5% Nonidet P40/150 mM NaCl/62 mM TrisHCl, pH 7.5. The presence of newly synthesized FN was assessed in the cell homogenate by 6% polyacrylamide/NaDodSO4 gel electrophoresis, with or without previous immunoprecipitation with crude rabbit antiserum against either bovine or human FNs. The immunocomplexes were isolated with protein A-Sepharose CL-4B (Pharmacia, Uppsala, Sweden) and treated for electrophoresis in reducing conditions according to Laemmli (17) . Gels were stained with Coomassie blue R and prepared for fluorography with sodium salicylate (18) .
RNA Extraction. Total RNA was extracted from confluent cell monolayers by the guanidine-HCI method (19) . Between 2 and 4 mg of total RNA was extracted from 4 X 108 cells.
RNA Purification. Bovine RNA. CTF total RNA (1.5 mg) was heated at 70°C for 30 sec, cooled on ice, and fractionated through a 15-35% sucrose gradient; conditions were 16 hr, 4°C, and 25,000 rpm in a SW27 rotor (Beckman). Fractions between the 28S peak and the bottom of the gradient were pooled and concentrated by ethanol precipitation. Human RNA. Human poly(A)+ RNA was prepared by chromatography of Hs 578T total RNA through a poly(U)-Sepharose (Pharmacia) column according to the supplier's instructions.
cDNA Synthesis. Two different cDNA libraries were constructed by using either 28S bovine or poly(A)+ human RNAs.
Abbreviations: FN, fibronectin; CTFs, calf testis fibroblasts; bp, base pairs; kb, kilobases.
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In both cases, cDNA was synthesized after the loop-back (20) and Si nuclease procedures (21) with oligo dT12 18 as primer.
Briefly, before being added to the reverse transcriptase reaction mixture, the RNA was heated at 70'C for 30 sec and cooled on ice. After first-strand synthesis, the RNA was removed by alkali treatment, and the cDNA was purified on a Sephacryl S-300 column (Pharmacia). Double-stranded cDNA was made by the Klenow fragment of DNA polymerase I and purified on a Sephacryl S-300 column. Single-stranded ends and loop structures were digested with nuclease S1, and then the cDNA was "filled in" with the Klenow fragment of DNA polymerase I to repair any possible overhanging 5' ends. The blunt-ended double-stranded cDNA was finally purified through a third column of Sephacryl S-300.
cDNA Cloning. It was performed as described by Shoulders and Baralle (22) . The double-stranded cDNA was blunt-end-ligated into the pAT153/Pvu II/8 vector without further treatment. The vector was a modification of pAT153 (23) by G. Brownlee, J. Huddleston, and K. Gould (personal communication). It had been treated, with calf intestinal phosphatase to prevent its circularization. The ligated molecules were used to transform Escherichia coli MC1061 (24) .
Oligonucleotide Synthesis. The synthesis was performed by the solid-phase phosphotriester method developed by Gait et aL (25) . The radioactive oligonucleotide probe was prepared by phosphorylation of the 5' end with [y-3 P]ATP and T4 polynucleotide kinase.
Screening of the cDNA Libraries. Colonies were transferred to Whatman 541 paper circles, amplified with chloramphenicol, and prepared for hybridization according to Gergen et.aL (26) . Prehybridization, hybridization, and washing conditions for the screening of the bovine cDNA library with the oligonucleotide probe were as described (27, 28) . Hybridization was carried out at 34°C for 16 hr with -1 X 105 cpm of 32P-labeled oligonucleotide per ml. For the screening of the human cDNA libray with the probes prepared from pFB1 clone (see below), the paper replicas were prehybridized and hybridized as described (22) by using =-2 x -10 cpm of probe labeled by nick-translation (29) per ml.
Sequence Determination. Inserts from clones pFB1 and pFHl were excised from the vector DNA by digestion with EcoRI and BamHI, separated in agarose gel electrophoresis, and recovered by electroelution (30) . Restriction fragments were labeled at the 3' end by filling in and then subjected to the chemical degradation procedure of Maxam and Gilbert (31) .
'RNA Blotting. Transfer of RNA from electrophoretic gels containing formaldehyde (32) to GeneScreen membranes and subsequent hybridization were done under conditions specified by the manufacturer (New England Nuclear).
Genomic Blotting. Restriction enzyme digests, blotting, and hybridization were as described (33) . The molecular weight of fragments was determined by using HindIII digests of A phage and pBR322 DNAs as markers. Probes were labeled by nicktranslation (29) . RESULTS Isolation of a Bovine FN cDNA Clone. A cDNA clone for bovine FN was isolated by using a specific oligonucleotide mixture as a probe, owing to the availability of partial amino acid sequences for the bovine protein (13) . A favorable region was selected from the known amino acid sequence of the COOHterminal plasmin fragment (Mr 3,000 or S10 in ref. 13 ) of bovine plasma FN. The oligonucleotide sequences
5' G-G-C-A-T-(t)-A-A-(t)-C-A_(T -T-C 3'
were deduced through the genetic code from the amino acid sequence of Glu-Cys-Phe-Met-Pro. The third nucleotide of the proline codon was excluded. The probe was chemically synthesized as described, as a mixture of eight different 14-base oligonucleotides, one of which should match perfectly with FN mRNA.
CTFs were chosen as the source of mRNA for FN. Cells were cultured and, at the moment of harvesting, aliquots of the cell culture -were labeled "in vivo" 'with [35S]methionine to prove that FN was being synthesized at that stage and, hence, that FN mRNA was present. Fig. 1A shows the amount of label incorporated into FN compared with that incorporated into total cell protein, as assessed by immunoprecipitation with crude antiserum against bovine plasma FN. By assuming the same half-life and rate of translation for all the mRNAs and the same turnover for all of the proteins synthesized, the amount of FN mRNA was estimated to be 0.1% of the total mRNA. Total RNA was extracted from-the cells and fractionated in a sucrose gradient, and the RNAs heavier than 28 S were pooled and used for cDNA synthesis. A cDNA library of 10,000 clones was generated and screened for FN sequences by using the chemically synthesized probe. Nine positive clones were identified. Plasmid DNA was prepared, and inserts were analyzed by restriction mapping and sequence assay. One of the positive clones showed an insert that, although different from FN cDNA, contained a sequence with 12 of the 14 nucleotides matching those of the probe. Two of the remaining eight positives were found to be similar by restriction enzyme mapping, with minor differences in length and opposite insertion orientation. Each of these two independent clones, designated pFB1 and pFB2, yielded an insert of -1,000 bp. They were identified as FN cDNA by sequence determination of their ends. The finding of two independent clones with almost identical inserts may be due to some structural feature in the mRNA molecule that favors either a stop in the first-strand cDNA synthesis or a preferential loop formation in the second-strand synthesis at a defined region. pFBI was thoroughly mapped by restriction endonuclease digestion. Fig. 2A shows the resulting map and the strategy used to determine the nucleotide sequence (Fig.  3, line d) (Fig.  1B) . Three radioactive bands appeared when crude serum against human FN was used in the immunoprecipitation of the labeled proteins (Fig. lB, lane 6 (Fig. 4A) revealed the presence of a single band of human FN mRNA of =7,900 nucleotides in length.
Genomic Transfers. An EcoRI/BamHI fragment from clone pFH1 insert (Fig. 2B) was used as the radioactive probe for Southern transfer (35) of human genomic DNA digested with various restriction enzymes (Fig. 4B) . EcoRI, Sac I, and Xba I digests showed only one hybridization band each. Pvu II digest showed two hybridization bands. When smaller pFH1 fragments (EcoRI/Ava I and Hinfl/BamHI) representing the 5' and 3' ends of the EcoRI/BamHI fragment, respectively, were used as probes, the pattern of hybridization of the EcoRI, Sac I, and Xba I digests remained the same (not shown), whereas the Pvu II digest showed its two bands with the EcoRI/Ava I probe, but only the bottom one with the HinfI/BamHI probe (not shown). (Fig. 3, line  c) . Clones pFB1 and pFH1 contain about 300 bp and 1,300 bp of coding region, respectively. Bovine and human nucleotide sequences present a high degree of homology. It is 90% in the overall sequence, 94% in the coding region, and 89% in the noncoding region if gaps and insertions are not taken into account. No deletions or insertions were found within the coding region, but seven insertions and five deletions were detected in the human noncoding region when compared to that of the bovine clone.
The amino acid sequence deduced from the pFB1 nucleotide sequence corresponded to the COOH-terminal third of the Mr 23,000 plasmin fragment (Fig. 3, amino acids 1-70 ) and the complete Mr 3,000 friagment (amino acids 71-96) of bovine plasma FN. Results in Fig. 3 demonstrate the contiguity between those plasmin fragments, not overlapped by the peptide sequence reported in ref. 13. No amino acid differences* were found between FNs from plasma (source of the protein sequenced by Petersen et aL in ref. 13 ) and from fibroblasts (source of mRNA for the bovine cDNA clone).
Comparison of the amino acid sequences deduced from pFH1 and pFB1 reveals only six changes (6% divergence) clustered in a short stretch in the COOH-terminal part of the Mr 23,000 fragment (Fig. 3, amino acids 48-58) . No changes were found either in the Mr 3,000 fragment or within the area of amino acids 6-43, which is a repetitive unit of the type I internal homology found in the Mr 23,000 fragment of bovine plasma FN (13) . The accumulation of interspecies variation in a region connecting two structural domains may indicate that the primary structure of that region is not critical for the protein function.
The amino acid region chosen to design the oligonucleotide * Amino acid 8 in Fig. 3 (aspartic acid) was reported to be asparagine in ref. 13 . The discrepancy could be a mistake in amino acid determination because it is experimentally difficult to distinguish an Asp-Gly sequence from an Asn-Gly (37). 
